We give the first phenomenological predictions of cross sections and azimuthal correlations for the inclusive di-hadron production in the full NLA BFKL approach. This process shares the same theoretical framework with the well konwn Mueller-Navelet jet production and can be considered a novel and complementary channel to access the BFKL dynamics at proton colliders.
Introduction
The great amount of data being produced at the Large Hadron Collider (LHC) offers us a unique occasion to study the dynamics of strong interactions in the high-energy limit. In this kinematical regime, the Balitsky-Fadin-KuraevLipatov (BFKL) approach [1] is the most adequate tool to perform the resummation to all orders of the leading (LLA) and the next-to-leading terms (NLA) of the QCD perturbative series which are heightened by powers of large energy logarithms. The inclusive hadroproduction of two jets featuring high transverse momenta and separated by a large rapidity interval, well known as Mueller-Navelet process [2] , has been one of the most studied reactions in the last years. For this process, the BFKL resummation with NLA accuracy leans on the compound of two ingredients: the NLA Green's function of the BFKL equation [3, 4] and the NLA jet vertices [5] [6] [7] [8] [9] . In [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] NLA BFKL predictions of cross sections and azimuthal angle correlations for the Mueller-Navelet jet process, observables proposed in [22] [23] [24] [25] , were given, showing a very nice agreement with LHC data [26] . In order to further and deeply probe the dynamics behind partonic interactions in the Regge limit, s |t|, some other observables, sensitive to the BFKL dynamics, should be considered in the context of the LHC physics program. A stimulating option, the detection of three and four jets, well separated in rapidity from each other, was recently suggested in [27, 28] and investigated in [29] [30] [31] [32] . In this work a novel possibility, i.e. the inclusive production of two charged light hadrons: π ± , K ± , p,p featuring high transverse momenta and separated by a large rapidity interval, together with an undetected gluon radiation emission is investigated (see Fig. 1 ). Likewise for Mueller-Navelet jets, BFKL studies in the NLA accuracy are feasible for this reaction, since NLA expression for the vertex describing the production of an identified hadron was calculated in [33] . On one side, hadrons can be tagged at the LHC at much smaller values of the transverse momentum than jets, letting us to explore a kinematic range supplementary to the one studied with Mueller-Navelet jets. On the other side, this process allow us to constrain not only the parton densities (PDFs) for the initial proton, but also the parton fragmentation functions (FFs) describing the detected hadron in the final state. It is well known that the inclusion of NLA terms makes a very large effect on the theoretical predictions for Mueller-Navelet jet cross sections and azimuthal angle distributions. A similar behavior is expected also in our case of inclusive di-hadron production. This leads to a large dependence of predictions on the choice of the renormalization scale µ R and the factorization scale µ F . Here we will take µ R = µ F and adopt the Brodsky-Lepage-Mackenzie (BLM) scheme [34] for the renormalization scale setting as obtained in its "exact" version in [35] (see Refs. [36] [37] [38] for more detailed studies on the use of different choices for the values of the scales).
BFKL cross section and azimuthal correlations
The process under investigation is the hadroproduction of a pair of identified hadrons in proton-proton collisions ( Fig. 1 )
where the two hadrons are characterized by high transverse momenta, k
QCD and large separation in rapidity Y = y 1 − y 2 , with p 1 and p 2 taken as Sudakov vectors. The differential cross section of the process can be presented as dσ
where φ = φ 1 − φ 2 − π, with φ 1,2 the two hadrons' azimuthal angles, while C 0 gives the total cross section and the other coefficients C n determine the azimuthal angle distribution of the two hadrons. In order to match the kinematic cuts used by the CMS collaboration, we consider the integrated coefficients given by
and their ratios R nm ≡ C n /C m . For the integrations over rapidities we consider two distinct ranges:
1. y 1,min = −y 2,max = −2.4, y 1,max = −y 2,min = 2.4, and Y ≤ 4.8, typical for the identified hadron detection at LHC;
2. y 1,min = −y 2,max = −4.7, y 1,max = −y 2,min = 4.7, and Y ≤ 9.4, similar to those used in the CMS Mueller-Navelet jets analysis.
As minimum transverse momenta we choose k 1,min = k 2,min = 5 GeV, which are also realistic values for the LHC. We observe that the minimum transverse momentum in the CMS analysis [26] of Mueller-Navelet jet production is much larger, k (jet) min = 35 GeV. The center-of-mass energy is set to √ s = 13 TeV (see Ref. [37] for comparison with results at √ s = 7 TeV). In our calculations we use the PDF set MSTW 2008 NLO [39] with two different NLO parameterizations for hadron FFs: AKK [40] and HKNS [41] . We sum over the production of 
Numerical analysis
In Fig. 2 we present our results for C 0 in the MS scheme the scale settings specified above, √ s = 7, 13 TeV, and in the two cases of Y ≤ 4.8 and Y ≤ 9.4. We clearly see that NLA corrections become negative with respect to the LLA prediction when Y grows. Besides, it is interesting to note that the full NLA approach predicts larger values for the cross sections in comparison to the case where only NLA corrections to the BFKL kernel are taken into account. It means that the inclusion into the analysis of the NLA corrections to the hadron vertices makes the predictions for the cross sections somewhat bigger and parially compensates the large negative effect from the NLA corrections to the BFKL kernel.
The other results we presented below are obtained using BLM in the MOM scheme, with µ F set equal to µ BLM R . In Fig. 3 we present our results for C 0 and for several ratios C m /C n at √ s = 13 TeV, while Y ≤ 4.8. It is worth noting that in this case the NLA corrections to C 0 are positive, so they increase the value of the φ-averaged cross section at all values of Y .
In Figs. 4 we present our results for C 0 and for several ratios C m /C n at √ s = 13 TeV; Y lies on a larger range, i.e. Y ≤ 9.4.
Summary and Outlook
In this work we investigated the di-hadron production process at the LHC, giving the first theoretical predictions for cross sections and azimuthal angle correlations in the full NLA BFKL approach. We considered the center-ofmass energy of √ s = 13 TeV, and two different ranges for the rapidity interval between the two hadrons in the final state, Y ≤ 4.8 and Y ≤ 9.4, which are typical for the last CMS analyses.
The general features of our predictions for di-hadron production are rather similar to those obtained earlier for the Mueller-Navelet jet process. In particular, we observe that the account of NLA BFKL terms leads to much less azimuthal angle decorrelation with increasing Y in comparison to LLA BFKL calculations. As for the difference between the Mueller-Navelet jet and dihadron production processes, we would mention the fact that, contrary to the jets' case, the full account of NLA terms leads in di-hadron production to an increase of our predictions for the cross sections in comparison to the LLA BFKL calculation.
We considered the effect of using different parametrization sets for the FFs, that could potentially give rise to uncertainties which, in principle, are not negligible.
We plan to extend this study by investigating the effect of using asymmetrical cuts for the hadrons' transverse momenta as well as studying less inclusive processes where at least one light charged hadron is always tagged in the final state. If, together with the hadron, a forward jet is also emitted, we will have the opportunity to study hadron-jet correlations, which clearly enrich the exclusiveness of the process. Another interesting reaction, which could serve as probe of the BFKL dynamics, i.e. the inclusive production of two heavy quarkantiquark pairs, separated in rapidity, in ultra-peripheral collisions at the LHC is under investigation [42] . 
